Abstract. Thermoelectric generation (TEG), the theoretical basis of which is the Seebeck effect, is a new energy-saving and environmentally-friendly power generation technology that directly converts thermal energy into electrical energy. The TEG system has the advantages of simple structure and maintenance-free, and can be used for the conversion of small and medium-sized waste heat in life and electric energy. The heat source is widely distributed, and the generated electric energy is accumulated in a small amount, thereby effectively promoting the construction of a green city. This paper introduces the composition of the TEG system, and verifies its feasibility by establishing models and analytical calculations.
Introduction
Thermoelectric generation(TEG)can directly convert thermal energy into electrical energy, which is a new type of green power generation. Compared with traditional energy and new energy, the temperature difference energy(TDE) has many merits, as is shown in Table 1 . The superiority of TEG is manifested in the wide range of TDE sources. Besides, the TEG device is small in size, simple in structure, free from mechanical movement, maintenance-free and so on. It can simplify the structure of the TEG system, collect small waste heat everywhere in life, and accumulate energy, improving energy efficiency and improving energy structure. It is an indispensable component of a smart green city.
Principle of the TEG System The Electricity Generating Principles
The principle of TEG is the Seebeck effect, also known as the first thermoelectric effect. It refers to the formation of an internal electric field due to the thermal motion of holes (electrons) in a P(N) semiconductor to cause a thermoelectromotive force. [1] As shown in Fig.1 , several P and N type semiconductors are connected in series to form a TEG module, and the potential difference between the two nodes of the cold end is the sum of the potential differences of all the semiconductors, that is, the Seebeck voltage, calculated using Eq. 1. SB (T) and SA (T) are the relative Seebeck coefficient of the P-type and N-type semiconductor material respectively. If SB (T) and SA (T) do not change with temperature, Eq. 1 is reduced to Eq. 2. [1] The Seebeck coefficient of common semiconductor materials is shown in Table 2 .
[2] The TEG module selected in this system is Bi2Te2, which is cost-effective and has high power generation efficiency. 
(2)
Composition of a TEG System
Conversing thermal energy into electrical energy, then storing and using the energy, a TEG system can be divided into three parts: thermoelectric conversion, electric energy conversion, and electricity consumption. A general TEG system is shown in Fig.2 . As an example, a system based on the land surface -underground TDE is shown in Fig.3 , which is feasible in a green city. The electricity consumption part mainly includes electrical equipment with low-wattage demand, and is especially suitable in remote areas where transmission lines are difficult to cover. For example, sensors that are used to detect daily climatic conditions have low power consumption. While grid power supply requires step-down rectification, and lithium battery power supply requires high daily maintenance costs. Both methods are not economical. If the TEG system is adopted, the daily use of TDG of the environment generates electric energy for the sensor to use, which can balance the supply and demand of electric energy, that is, self-sufficiency, without routine maintenance. The application of a TEG systems to a large number of detection sensors can save a considerable amount of electrical energy every year. It can be seen that the TEG system is energy saving, suitable for low-power electrical equipment. 
Analysis of the TEG System Thermoelectric Material
This system uses SP1848-27145 high heat-resistant TEG module. Its specification is 40mm*40mm*3.4mm, the front and back sides are respectively heat absorption surface and heat dissipation surface, the applicable temperature is -40°C~150°C.The official parameters provided are shown in Table 3 . The temperature difference-open circuit voltage and temperature difference-power curve, as shown in Fig.4 , can be obtained by MATLAB four-degree polynomial fitting. 
Voltage Regulator
According to the Seebeck effect, the magnitude of the potential differences is closely related to the magnitude of the temperature difference(TD). The open-circuit voltage changes since the TD dynamically changes. However, the output requires a stable voltage. So a voltage regulator circuit is required to convert changing voltage into a stable one. Considering that most of current low-wattage devices are rated at 5 V, the system selects a high-efficiency synchronous boost converter TPS61027 with a 0.9-6.5V input and a 5V output. The circuit is shown in Fig.5. [3] 
Charging and Discharging Protector
Considering that the power generation rate may be higher than the equipment power consumption rate, the system requires batteries along with their charge and discharge protection circuits. This system selects a single-cell lithium-ion battery charger TP4056. Its characteristics include battery positive and negative reverse connection protection, battery temperature detection, etc. It is suitable for power storage protection of small TEG systems. The typical application circuit is shown in Fig.6[4] . Therefore, the TEG system can be specified in Fig.7 . 
TD Model Simulation
The Fourier Law. According to the Fourier law, when the temperature of an object is uneven throughout, the heat is transferred from high temperature to low temperature. Assume that the solid consists of many parallel thin layers, the Fourier formula is obtained by Eq. 5, where H is the rate of heat flow, or the heat flux flows through dS per unit time. A negative sign indicates that heat is transferred in the direction of temperature decrease. The coefficient K is the thermal conductivity coefficient of the material, which is an important parameter to characterize the thermal conductivity of the material, determined by the properties of the material itself. dZ is the direction of the vertical plane. [5] !"
Heat Conduction Model. It is assumed that the TEG device is installed on the metal base of the street lamp, and the copper radiator pipe fin is adhered to the cold surface of the TEG module by the thermal conductive grease to expand the contact area with the soil. Considering the series-parallel connection of the TEG modules, the actual contact area between the thermoelectric chips and the metal base is about 0.9 ㎡ . Fig.8 is a sketch After the steady state is reached, the temperatures of a and b are Ta and Tb respectively, and the heat flows should be equal. Eq.6,7,8,9,10 can be derived from 3.4.1. λ(t) is the soil thermal conductivity changing with temperature and ∆t(Z) is TD changing with soil depth. Therefore, Ta=54.50 and Tb=36.30 are obtained by Monte Carlo simulation with MATLAB. (8) (10) The temperature change process at both ends of TEG module can be simulated with MATLAB, as is shown in Fig.10(a) . From the intersection of the Ha→b curve and the x-axis, the temperature of the cold surface is 36.3
℃
. From the intersection of the Ha→b curve and the Hsteel→a curve, the temperature of the hot surface is 54.5
. At this time, the heat flow rates of steel→a, a→b, and b→ ground are equal. The heat transfer model reached equilibrium and TD remained constant, so the actual TD across the generator chip was approximately 18.2 °C in this condition. Based on this model, the relationship between land surface temperature and actual TD can be obtained,as in Fig.10(b) . The Application of the Model. The surface temperature of Guangzhou and other places is obtained by checking the information [7] , as illustrated in Fig.11 . Derived from Fig.4 and Fig.10 , power produced by a land surface -underground TEG system is listed in Table 5 . The surface -underground TD persists, so the system can achieve all-weather power generation and abundant power sources. It can be seen that although the power of a single TEG chip is very low, when hundreds of TEG chips are connected in series to form a TEG matrix, the power is considerable.
The Production of a Solid Model
The model uses TEG chips in series to simulate the actual matrix. The hot surface is placed with hot water, the cold surface is evenly coated with a thermal grease sticking heat sink and the fan is used to accelerate the heat dissipation, simulating the surface-underground TD. It is generating electric energy as a power source for the entire model, and the LED lamp is a low-wattage electric device. The model integrates the voltage regulator and the battery on a circuit board, and is equipped with a push button switch, a USB interface, etc. to facilitate control and power output. It can be seen from the LED digital tube voltmeter that the regulated output of the TEG system is 5.1V, indicating that the system is feasible.
Conclusion
As a new type of renewable, non-polluting and distributed energy source, TEG will inevitably become more and more popular. After theoretical analysis and model making practice, we believe that the thermoelectric system is practical. At present, due to the poor performance of thermoelectric materials, low conversion efficiency, and insufficient heat collection and heat dissipation, TEG cannot be the main energy source in people's lives, but it is also used as an auxiliary energy based on existing materials. It brings us a lot of convenience and contributes to energy saving and emission reduction.
